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PREFACE 
The purpose of this thesis is to give a complete design for a 
three hinged steel arch and a reinforced concrete arch highway bridges both 
for the same crossing. 
To mike an economic comparison of these bridges and select the 
bridge 'Mich will fit the site the best. 
It is wished to express sincere appreciation to the following mem 
Prof. F. C. Snow and Prof. J. N. Smith of the Georgia Bohool of Technology 
for their kind assistance given throughout the preparation of the thesis. 
All the information for the design of the two arches were taken 
from the following books: " Movable and Long Span Bridges,(Vol.III)* 
Reinforced Concrete Construction, Hbol ( Vol. III )" ,"Hanbodk of Building 
Construction, Hool and Johnson, ( Vol. I )" " Roofs and Bridges, Part TV 
Merriman and Jacoby" ; Notes on the Design of Concrete Structures, Prof. 
Snow of Georgia School of Technology" , " Economies of Highway Bridge Types, 
Me. Oullough•n- 
Most of the design corputations are given as slide-rule results, 
if there are some small errors. the results are beleived to be accurate 
enough for all practical purposes. 
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INTRODUCTION 
The bridges referred to in this thesis have been designed for a 
proposed crossing over the Sakarya river near Sol% small town of Turkey. 
The location of this crossing is not of importance, but a bridge is mace-
essary to avoid a great detour leading to the main highway from Istanbul 
to Ankara, capital of Turkey. So in designing thilise bridges the question 
of aesthetics was almost net considered, The main purpose of this thesis 
was the design of the concrete arch and the steel arch and an approx-
imate cost of the twO bridges was neccessary in selecting the most econo-
mical one for the same crossing, 
The designs are only complete enough to determine the most eco-
nomical structure, but detailed designs have not been attempted 
The concrete arch and the steel arch have first been treated 
separately and later a comparison has been made between the two bridges, 
ik********4****** 
PART I 
DESIGN OF THE REINFORCED-CONCR%ETE 
ARCH BRIDGE 
SPAN *2 140 FT. 
RISE z 20 FT. 
DESIGN OF COURT= ARCH BRIDGES 
A concrete arch as ordinarily constructed, that is* with fixed 
ends, is statically indeterminate, but it can be analysed by into 
account the elasticity of the material. The arching is nothing more than 
a curved beam and is considered accordingly. 
It would seem from purely theoretical considerations, that but 
little could be gained by the use of reinforcement ina.conerete arch * 
 since the direct compression usually controls to such an extent that the 
allowable stress in the concrete permits of but a small unit tensile stress 
In steel* Prone broader point of view* however, it is clear that the 
steel adds greatly to the reliability of the construction and makes pose• 
ible a higher working stress in the concrete than could properly be sap. 
loyed in the design of plain concrete structures. Higher working stress 
produces a thinner arch ring and consequently less dead loads and lighter 
abutments* Undoubtedly, a large saving may result from this cause in ease 
of long span ardhes. . 
A considerable portion of an arch ring is subject to both posit. 
ive and negative moments, and for this reason the reinforcement should be 
placed, for some distance at least, near both upper and lower surfaces. The 
general practice is to carry both rows of steel throughout the entire span, 
thereby eliminating any possibility of failure due to an inadequate pror. 
Wan for tensile stresses. An account of the heavy oompressive stress in 
an arch design of the rings, the upper and lower reinforcements should be 
tied together to prevent the budkling * Before the elastic theory can belipp-- 
lied to arch design. either the dimensions of the arch ring must be assumed 
outright or the thickness at the crown made to conform to some empirical 
formula. With the arch thus approximately designed the stresses may then be 
computed oomputed by the elastic theory. 
There are different methods of arch analysis based on the elastic 
theory, In the beck 8 Concrete Structures " written by Urquhart and O'Rourke 
the origin of the 000rdinates of the arch, is taken at the crown. The method 
of the " Bureau of Public Roads places the origin of the coordinates of 
the rings at the springing line. 
The arch treated in this thesis has been designed according to the 
method of the," Bureau of Public Roads. " 
The arch to be designed has a span of 140 ft. and a rise of 20 ft. 
which makes the ratio of span over rise equal to 7. 
The thickness at the crown is found by using the 114 J. W. Douglas 
formula in the book * Reinforced Concrete Construction, Page 20 "4 
h 4001 ll,00012 ) 
	
e/ 	 V t 
where 
h m the thickness of the crown 
1 = the span 
The thickness of the springing line has been taken as 2.25 times 
the thickness of the crown. 2.25 x 3.06 41 6.85 ft. 
DESIGN OF THE FLOOR SYSTEM 
Highway bridge slabs must be designed to carry the heavy conc-
entrations brought upon them by the wheels of Modern Motor Trucks, The 
question arises at once as to the width of slab which arts any given 
concentrated load, Fig. A illustrates the case, where a wheel is shown rest-
ing at the center of a wide slab, supported along the edges ab and cd. The 
strip of slab, of width T, beneath this wheel cannot deflect under the load 
without causing at the same time a deflection of the adjecent strips, and in 
this way the effect of the load is distributed over an indefinite width. sev-
eral experimenters have studied the problem, and on the basis of their data 
and results various rules have been proposed to be used in designs, 
The following slab design has been based on Ketchum's formula 
namely 1N' is 2/3S i  T, and the following data has been used for the whole des-
ign: H a 15 loading, Impact 30% of live load, 
Concrete 2000lb, ( 1,2,3 ),n r 15, 6 slump, maximum aggregate 1 inch. 
fo s SOO lb/in2 
fe a 20,000 1b/in2 
u a 100 lb/in2 
Curbs gin x 12in above surface of paving 
Paving 2in Bituminous, Wearing Surface. 
0000 
 








The use of Ketchum's specification was chosen to determine the 
width of the slab which supports one wheel, The moment and the shear were 
computed for a strip of slab 12 in wide, the maximum moment occuring at 
the heavy wheel at the center of the span and the maximum shear with it at 
the end; 
Equations 1 and 2 were used to determine the depth required by 
the given stresses in bending and in shear respectively. Computations shwa 
that the depth of the slab is governed by the moment and found to be equal 
to d = 5.75 in, and 1 3/4 Jawed added to this value in order to obtain 
the total depth. This provides 	in of concrete below the steel to protect 
it from corrosion, The actual value of d, taken for the slab is so near to 
that theoretically necessary for balanced design, that the steel area was 
calculated without discernible error by equation 3,asing the approximate 
value for 3  as 7/8. The operation of choosing the steel and its spacing 
consists in dividing the * in, round bar area by the area required per inch 
thus determining the spacing for each size, The bond stress is found by the 
equation 4, and cheeks the design perfectly. 
Computations 
Assume 8" slab 
18" x 12" beam 
Clear span of slab = 8** 
Ketchum's Specifications: Wm 2/3 S 1 T 
W st  2/3 (10) 1 1 a 7.68 ft, 
Total Shear 	 L. 1563 lbs. 
	
Eq. 2 	dv, • V  
b x 7/8 x 
4366 	x 12 .0 6.75 in. 
131 x 12 41. 
Ai 1 
dw- 1563 3.69 in. 
12 x 7/8 x40 
Use slab 71." 	d 5,75 is ) 
Dead load 
2" bituminous surfacing 00000 1,4,441,111 25 lbs. 
8* slab • ***** 	*********** ......100 lbs. 
   
Total Dead Load ...............e•. 125 lbs. 
Dead Load Moment 
125 (8.5)2 x 1/8 x 8/10 
	
905 fbabs. 
Live Load Moment 
12000 x 8.5 1/4 x 8/10 	a 2660 ft. lbs. .  
Impact 30% 	 a 800 ft.lbeV 
Total monomt 	 2 4365 ft.lbs. 
Live Load 
1410x 1/2 	 790 lbs. 
Impact 30% 	 m 238 lbs. 
Dead Load 
126 x 8 x 1/2 
	
a 535 lbs. 
Steal 
Eq. 3 	Asst Nifejd 	 Eq. 4 	u s ub 
se 
in./ As s 4365 x 12 	.52 sq. / ft. width 
.0432 
V 7; V = 1563 	a 26 lbs. 
S37 12 x 7/8 x 5.75 
26 x 4.5 s 75 lbs. (less than 100 lbs) 
1.57 
Use Slab 7fre4 ( do 5,75 in. ) 
Steel in round bare Spacing 41P 
20,000 x 7/8 x 5,75 
2 4, 0432 sq. in. / in, width 
Try In round bars A it .196 sq. in. 
spacing .196  at 4.5 in 
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INTERIOR BEAM DESIGN: 
The method and procedure in the design of the interior beam of the 
floor system is given with the necessary calculations and figures. Fig C, in 
the next computation sheet shows the position of live loads and dead load 
for the calculation of the maximum moment and shear in the beani. Before the 
dead load stresses are known the size of the beam stem mist be fixed, which 
may be done approximately by computations on scratch paper, giving a trial 
size to be used as the basis of furhter investigation. An 18" x 12" beam was 
assumed at the start, but further computations showed that it was neooessary 
to change the beam to 26" x 18". The method to find the depth of the beam is 
similar to that of the slab and the same equations are useds thus the the 
size of the beams were determined by the equations 1 and 2, 
To find the steel to be used the same method is followed as in the 
slab. Equation 3 was used to find the area of steel required for the rein-
forcement of the beam. 6 square bars of area equaling to 1 sq. in. were used 
in the beams. 
The design of these interior beams were completed by making a 
sketch to give all the essential information regarding the beams which is 
to serve as a basis for the design of the diagonal tension reinforcement. 
The bending up the steel and the stirrups were the last steps in the comp-
utations of the interior beam design. 
The same method is used for the design of the exterior beams or 
the end: beams. This completed the design of the interior and the exterior 
beams for the floor system; 
Computations ( Interior beam ) 
Wheel Load 
4 x 15 x 2000 r. 12 000 lbs, ( rear wheel ) 
Dead Load 
Surface 2" 	 25 lbs ./sq.ft. 
Slab 7.1t" 	 94 lbs./sq.ft. 
110 lbs/sq.ft. 
Dead Loads 119 x 10 a 1190 lbs./ft. of beam 
Assume 18 x 12 been 
stem u 225 lbs./ ft of beam 
Total Dead Load 	n 1415 lbs./ft. of beam 
Moment 
Dead Load Moment (positive) 
1/8 (1415) x W x 12 a 	 6870600* lbs. 
Live Load Moment (positive) 
24,000 x 9 12,000 x 7.5 12,000 x 1.5 m 1,300,000* lbs. 
impact (pos.) 
30% of 1,300,000 u 	 390 000" lbs. 
Shear 
Total Positive Moment u 
Total Negative Moment 
8/20 (2,377,500) r. 
Live Load 
Inpaot (30%) 
Dead Load x j  x 1415 x 18 
2 371,10elbs. 
950 1,000" lbs 
.4 24,000 lbs. 
u 7,200 lbs. 
a 12,720 lbs. 
42. 
Total Shear 
Rand-book Specification for T Sean 
b s 
1814= 4.5 
st 43,920 lbs. 
/Scut 
  
   
dm (pos.) 2,377500  s 18,35' 
131 z 4. x 12 





dm (neg.) = 	950000 	Is 22.60" 
151 m 12 
dl, * 	43i920 	a $2.00" 
120 x 7/8 x 18 
Shear governs 
Try b 1,18 
dy a .44920 	x 23.2" 
120 X 7/8 x 28 
Corrections ( Moment) 
Live Load s 1,300.000 in.lbs. 
Impact 	g 	390 000 in.lbs. 
Dead Loads 	796,000 in.lbs. 
Total Myt z 2,486,000 in.lbs. 	Total X. 995,000 in.lbs. 
Shear 
Live Load s 24,000 lbs. 
1ppaot 	7 ,200 lbs. 
Dead Load a 14,750 lbs‘ 
Total Shear * 45,950 lbs. 
ars  45,950 	* 24.3" use d 24" 
120 x 7/8 x 18 
Use 26" x 18" CI s  24") 
Steel 
Sq. 3 
(PO e 10 As rooe A 	 xt 00 a 5.95 sq.i. 
x 7/8 x 24 
(Neg. U) Ake = 	995,000 	a 2,37 eq•314 
20000'x 7/8 x 24 
Use 
Eq. 6 
1" square bars 
ciL s 6.0 sq.in. 
*24.0 in. 
u 11/4 chid 
45950 	it 92 lbs. (lea* than. 100) 
24 x 7/8 x 24 
Bending up the Steel 
Bend three bars at the shown distances as in(Fig, 
di is 44 in. 
d2 a 62 in. 
d3 = 77inl 
Stirrups 
v a 45 950 	a 12a lbs. 
x 	x  
le 2 120 . 40 x 80 lbs. 
Maximum Shear at pewter Line 
R1 * (l2.000 x 3) (12,000 x£t) 8000 
vc.L. mst 21,2 lbs. 7/8 x x 18 
Use** round stirrups 
MfaxiimmiSpaoing 
.6d a 2$17x .6 14.4 
,«Seld Spacing 
S s 2 x.1963 x 16,000 6270 lbs; 
S sa  Ind spacing x 'OW 
Spacing 4.35 
Where le spacing ocoura 
6270 s 29 lbs. 
rrrri 
80/29 vs 88/i 
x m 32 in. 
Stirrups and Their Spacing 
Use it round stirrups 
Spacing: 
1 41 2 in. 
5$6 in:. 
s • 12 in 
Oome#ations ( Bad Beam Design ) 




Live Load NOmont (pos. ) 
Impact 30$ (pcs.) 
Dead Load Mbment (pct) 
Total Fugitive Moment 
Total N.gatve Moment 
a 1,300,000*lba. 
a 590,0001bn. 




a 24,000 lbs. 
7,200 lbs. 
it 7,840 lbs, 















39,040 	26.6 in. 
120 x T/8 x 14 
Try 26" x 	beala d 24" ) 
Corrections 
Dead Load z 8150 lbs'„ 
Total Shear z 39,350 lbs. 
der a 	3350 40 23.4" use 24 
16 x 
9t 
 7/g x 120 
Dee 26" x 16" bean 	d a  24" ) 
Steel 
(Poo. 11) is 2 	2 2 056,000 
20,000 x 7/8 x 24 
16.4 in. 
4.9 Et. be 
4Neg at) Au a 	825;000  
20,000 x 7/8 x 24 
Try 1 1/8" round bars 
4 bars 	4 0 u 18in. 
A. s 5.06 in2 
2 bars 	$_0 	9 in. 
it 
2 
A 2,53 in 
z 1047 sq,in. 
Bond 
39,500  
18 x 1r/8 x ?A 
Use 1 1/8 round bare: 
Band Up 
54 in 
d2 17 in• 
Stirrups and Their Spacing 
Use round stirrups 
Spacing $ 1 0 2 in. 
5 4 6 in• 
6 II 12 in. 
al1 right ) 103 lbs. 
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GIRDER DESIGN 
The girders carry the conoentrated loads of the beau reactions, 
plus their own load due to uniform dead load. They have been designed as 
continuous beams over the whole span of the bridges supported by columns 
at every 20 feet. 
The moments in the girder have bean found by the balancing pros. 
ess or the Hardy-Cross method as explained in the book is Theory of Modern 
Struotures (Vol* II) W. 
Fig. H shows the respective positions of the girders column, and 
arch with their proper stiffness factor, The common idea of the stiffness is 
that it is a property which increases with the increase of cross sectional 
area and decreases with the increase of length;" In this particular case, 
the definition of stiffness must be the resistance to rotation, because 
the unbalanced moment at a joint will be divided between the members moot. 
fug at the joint in proportion to their respective resistances to rotation 
or in inverse proportion to their respective and rotations under the affect 
of unit and monamts. The columns have been designed to resist a total load 
of 80,848 lbs. 
Computations  
Loading ( see fig. 2) 
Surfacing 	25 lbs. 	 • 
Slab a (94 25) x 10 s 1190 lbs. 
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1536 x 9 g 
Curb 9/12 x 12/12 x 150 
Exterior 
930 x 9 
Ourb 
ASSUMG 26" z 18" girder 
Inertia of Girder 
bd3 g 18 x (26) 3 26,400 3n4 
ASitinte 12" z 12' 6 20# Oolnzsi 
Inertia of Column g 20,100 in4 
see fig, J and Table ) 
g 13,624 lbs. 
2 4100 lbsit 
14,924 lbs', 
• 8,127 lbt. 
• 500 ibir. 
8,627 1b4 
Me* La 1 
	 171,077 #lbei, 
Ne.u2 g 171,077 1 950143, n 266,660 # 1be, 
MC .14115 
	 s 329,240 'lb., 
Nc.L.4 	 296,427 'lbs. 
Dead Load of Girder (assume) 	346 lbs. 
Dead Load Noma* (pou,) 
1/16 346 x 400 	s 8,650 'lbs. 
Dead Load Momstrb (nee►  
1/12 v12 	 * 11, 500 Ilbs', 
Maxima Positive Doormat 
329,240 
( 
8650 ( (impact 30%) 98,600 g 436, 90 'lbs. 
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s 3,460 lbs. 
42;384 lbs. 
12 	47 ir ►  
x 
dv 	42384 	22,4 ire* 
120 x 7/8x 18  
Try (1-1 36' x 36* 	1350 ne, 
Nazis= Noon* (pee.) 
Tweet 
Dead Load Noueut 
.1* 329 240 tlbel* 
• 98,600 Ilbt4 
▪ 33,700 'lbs4 
Total NO111011t 	 461,540 •lbn. 
461  
15/ x 36 
Use 36* x 36" Girder ( d s  34* ) 
Correotions 
Nex.ixam Positive lionviub 9 461 540 albs. 
Maxima Negitive itutexrb 	169,083 albs. 
Steel 
lbalmurnSh ear 2. 52,424 lbs* 
(pee, MO A 461 540 x 12 	9,3 sq.ini, 
20,000 * /8x 34 
(neg. N.) Agi 3,41 aq•ixt, 
Use 6 1 1/4 Square Darn. 
Bond s 52 424 	s 60 lbs* (lens than 100) 
Beading Up ( foe fig. L ) 
dl z 4.1' 
d2 5.81 
Stirrups 
us* k  Round ebirrups 
Spacing 	1 A 2" 




Total Loading 38,924 lbs. 
14,924 l'bs. 
27,000 ebt. 
2 80,848 lbs. 
Bending Noment a 23.540 'lbs. 
2000 lbs. 	fe 450 lbs. 
12 n 	ut 180 eqfplil. 
Tr7 12"m 12" A 144 is•in. 
180 - 144 * 36 sq.in. 
As te 36 =36 n 45 sq.in. 
100 2.5 *`1.74 % ( limit • 2 %) All right 
Use 4 • 1" Round A 3.14 in2 
Area of 12" z 12" f  144 
Area of 414 m 14 
	
44 
144 44 188 int4n, 	greater then lig s 180 
Use Column 
12 x 12* 
4 - in Round 
1 Round Ties a 12* 
to% 
"Sc 
Draw/My kr COMplifity /he 
DIFFERENT TH/CHNESS OF THE 
ARCH at different Points 
_Drawn By Alr Pc*4/.1 
0 
Scale fv: i‘ f 
4 dt /rdr 
_Drawmy /Y9/ 
ARCH DESIGN  
To design the arch the elastic theory was used the method being 
the one used by the Bureau of Public Roads. As this is more complicated and 
different compared with the other parts of the design it is neoeessaryte 
explain the method and its theory. 
A hingeless are is statically indeterminate, because looking at 
Pig. Mire see that No a Hz # irk* Vo P # and itz Me 	P(m a) . 
Hey. This gives only three equations to find the six unknowns which makes 
the arc indeterninate, and naturally three additional equations are requir. 
ed. These are derived from the elaetic , properties of the arch. The derive. 
tion can be found in Analysis of Concrete Arches, reprint from the publioa ►  
tion of the Bureau of Public Roads "Public Roads". 
Arch computations are handled best on tabulated forms as shown on 
the prints. These require that a preliminary arch be worked and the stresses 
in it computed. These stresses are computed from moments, shears; and the 
thrusts at points 5, 5, 8, and 10.5 of the arch ring. 
Changes in temperature in the arch ring produce stresses and mom-
ents that are either positive or negative depending on whether the tempera-  
tune is decreasing or inoreasing. The suggested changes tided here are, a 
rise of 50° IN and a fall of 400 F. The formulas for computing the tempera. 
ture effect are shown in the prints. 
The Bureau of Public Roads does not suggest a method of determin-
ing the method for determining the size and shape of the trial arch and the 
following method has been usedt 
The crown is the highest point of the arch and a trial thickness 
is computed by the following formulas heat .001 (11,000 / 12) which is 
taken frwa the book " Reinforced Concrete Construction" 
Computations  
Size & Shape of Trial Aroh 
7 b erla  (302 / 10011 
6 1 Or 
where 
b : Rise 
✓ a bit 
• .5 ea 301 
Using these formulas the following answers were found for the ty* a. 
Ta 	7,47 ft. 
yb = 13,30 it. 
yip 17, 17.09 ft. 
yd 2 19.28 ft. 
71 g 2.20 
72 s 640 rbil 
9.32 ft. 
74 sr 12•05 ft. 
75 a 14.41 ft. 
16.32 ft. 
77 a 17.81 tt. 







Knowing the abscissa and the ordinates (x y), it is possible tot) , 
plot the axis of the &rah. 
The rest of the computations of the arch are tabulated said Rade 
in print fors. This completed the design of the reinforced concrete 
bridge, 
14" 
Toile / Coiftioutahons of To  2 Co..04.1a hoes of Vo 
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Explanation of Tables on Prints 
The value of hx for each of the ten points between i and 10 are 
computed by the formula and entered in 
Col. 2 	of table 1 of prints. 
Col. 3 -5 Follow the table 
Col. 6 	V Fireproofing or steel cover =2" .17 ft. 
Col. 8 	n = 10, 12 or 15 according to the value of reused. 
As g Total area of steel per ft. of arch ring in sq.tb. 
Usually 1", 1 1/8" or 	Square bars are used, one per ft. at 
both top and bottom of the arch ring. 
Col* 9 	Add values in Col. 4 and in Col. 8, 
Col. 10 ds =clength of arch axis for eaoh arch division scaled from 
drawing. Ds is not constant as dx is. See Pt. 3, Drawing I. 
Col. 11 Sum of this Col.: (g) 	as in this coluas only one-half of 
the arch ring is . used. 
Col. 12 dx = .05L. The values of this column. are the same for all the 
arches. 
Col. 13 Multiply the values in Cal 12 by those in Col* 11* Add Column. 
Cole 14 Start at Pb. 1 with value as Col. 13, with the sign changed. 
(89,3) Prints. Add 89.3 and 171.7 : 261.0 for value at Pb,2, 
261.0 and 243.0 r 504.0 for Pt. 3. Continue this method and add 
Co1.15 	column. 
Col. 15 Value at Pt. 10 Sum of Col. 14. Value at Pt. 9 x value at Pb. 
10 in Col. 15 plus value of Pb, 9 in Col. 14. Value at Pt, 8 = 
value at Pt. 9 in Col * in Col. 15 plus value at Pb, 8 in Col. 
14, Continue this process to top of Col. 
Page missing from thesis 
-33.; 
Since Pt. 1 is not far from 0 and since V should be very 
nearly 1 for a unit load at Pt* 1, the value of F from the 
formula should be very nearly equal to the value at Pt. 1 in 
Col. 15* In oomputed arch it is equal. 
Ool. 16 Follow the table of the computed arch : Same for all arches. 
Ool* 17 Products of values in Cols * 16 and 11. Sum of thit *aunt: 
z2 	as Col. 16 gives the entire values of the arch and not 
for one half of the arch. 
Col* 19 Compute F by formula:* Divide values in Col * 15 by P. 
Col* 20 Values of y are oomputed by formula for y. 
Col• 21 Same as eol 11. 
Col. 22 Products of values in Col. 20 by those in Col• 21. Add column 
to obtain () y • 
1,7441 = Sum of Col. 22 divided by sum of Col. 114 
Cole 23 Subtract this value from each value of y in Col * 20. 
Col. 24 Products of values in Col. 21 by those in Col. 23. As a check 
the sum of this column should be equal to zero. 
Col* 25 Obtained from Col, 24 in the same manner as Col* 14 was ob-
tained from Col. 13* Add this column. 
Col* 26 At Pt. 1 value is 0. At Pt. 2 value is the value of the point. 
1 in Col * 26 plus the value of point 1 at Col * 25. At Pt. 
the value is the value at. Col. 26 at Pt. 2 plus the value in 
Col* 25 at Pt. 2. Continue this method. All signs are negative. 
Col• 27 Values are the products of values in Col. 20 by those in Col. 
24. Add for it yil(y - tyll/x4). 
Col* 28 Compute pr by formula for tan-0 or scale from drawing.,' is the 
angle between the horizontal and the tangent between the arch 
axis at the point. Look up cos pr. 
Col. 29 Divide values in Col* 28 by those in Col, 2. AL= cross-section 
area of the aroh ring. Since the ring` that is designed is 1 ft. 
vide, h: A. Add Col. fOrrircosPritA. 
Col. 30 Conpute C by formula'. 
C = 1/.05L times twice the sum of Col. 27 plus twice the sum of 
Col, 29. H0 2Values in Col.= 6 divided by C, Compute Ht by 
Bi = 34560t/G. See print, 
Col. 32 To obtain Z, subtract .5 from the point number and multiply by 
2. AA at Pt. 10, Z a (10 . .5)2 19.0 . Also for Pt. 10: 
Col 33 	Same as Col. S for Pb.. for i to 10 and Pts, l' to 10 , 
Col. 34 Same as Col, 18 for Pts, 1 to 10. Values between l' and 10' are 
found by subtracting the corresponding values for Pts. between 
1 and 10 from 1. At Pt. 7' value 1.79915. 
Col. 35 Same as Col. 11 for Pts. between 1 and 10, and 10' to l' 
Col. 36 Value at Pt, 1' is 0. Value at 2' is the sum of the values at 
Pt. 1' in Col. 35 and Pt l' in Col 36. Value at 3' is the 
sum of the values at Pt. 2' in Col, 35 and Pt. 2' in Col. 36. 
Continue this process. 
Col. 37 Value at Pt. 1' is 0, Value at Pb,2' = Value at Pt. 1' in 
Col. 37 and value at Pt. 2' in Col. 36. Value at Pt, 3' 
Value at Pt. 2' in Col. 37 and value at Pt. 3' in Col. 36. 
Continue this method. 
Col, 38 Compute dx/koll twice the mania Col. 11. Multiply each of 
the values in Col. 37 by this constant. 
Col. 39 Multiply values in Col. 33 by Zyd/Ziaas computed for use in 
Col. 23. 
Col. 40 Compute -20dxA and multiply values in Col. 34 by it. 
Col* 41 Value for each Pt, in this Col. : Sum of the , values for the same 
point in Cols. 38, 39 and 40. 
Col* 4$, 44, and 45. Same as Cols. 33, 34,. and 35, 
Col. 46 23 2x3/dz = 2(7.5)/3 2 5. ys 2 3,51 * Compute VoZ3 for points 
up to and including Pt. Boa. 
Col* 47 al 2 xi, a2 x2, etc. For Pt, 1 23 2a/dx 2 5 - 2(1.5) 3 2 4. 
For Pt, 2, 23 - 2a/dx 2 5 - 2(4.5) 3 : 2, etc, 
Subtract these values from the corresponding values of Col, 46 
Compute up to and including Pt, Ho * 2 
Col * 48. For Pts• up to but not including Pt. No. 3 multiply values in 
Col. 47 by dx/2 2 3/2 . 106, For Pt, 3 and beyond nultiply the 
values 111* of V0 in Col, 44 by Z3dx/2 2 5(3)/2 2 7,5 * 
 Col. 49 Natiply values of H0 in Col. 43 by -76. 
Col 60 Value at any point 2 Sum of values for same point in Cols. 47, 
48 and 49, See formula on Print 4, 
Cols, 51, 52, 53, 54 and 55 are computed in similar manner to Cols. 46, 
47, 48, 49 and 50. 
Cols* 56, 57, 58, 59 and 60 are conputed in a manner sindlar to Cols * 
 46, 47, 48, 49 and 50* Carry to Pt, 10 inclusive Cols, 56 a d 
57. For checks use equations on Print. 
Cols * 61, 62, 63, 64, 65 66 and 67. Copy Cols, 43, 44, 45, 50 * 50, 55, 
66 and SO. 
Col* 68 Dead load* are really the weights of the archring in Open. 
Spandril Arches and the weight of the arch ring plus the weight 
of the fill for the Filled Spandril Arches. The dead load at 
each point is the weight of the section of the arch ring and 
fill ds langi In the dead load table on Print, only Colt. 1, 2 
and 3 are needed for open spandril arches. 
Col. 69 Values are obtained by multiplying values In Colt. 62 to 67 by 
to 74 
values in Cole 68% Sum of Col. 69 LI H for dead load and is en- 
tered on table 9 Col, 77 as shown, Sum of Col. 70 a V for D. L, 
at Pt. 0 as shown and is entered on table 9 at Pt. O. Sums of 
Cols, 71, 74 73 and 74 are the dead load noments for Pte. 0, 
3, 8 and 10.5 and are entered on table 9 in Col, 78 as shown. 
Temperature Moments and Thrusts  
These are entered on table 9 as positive and negative as shown. 
Tenperature V is always equal totem s Temperature H is the same for all 
points and is computed as shown before, both positive and negative being 
entered on table 9. Temperature moments for Pte. 0, 3, 8 and 10.5 are 
computed as shown beforei, positive and negative both being entered on 
table 9. 
Open Spandril Arch Computations  
In open spandril arches concentrated live loads and concent-
rated dead loads computations are needed instead of the uniformlive 
load computations as shown before.In Col. 76 positive and negative um. 
niform live loads are replaced by positive and negative concentrated 
dead loads. 
In the open spandril type the floor is carried on beams, gir-
ders, and columns whichr rest on arch ribs thus carrying the loads to 
the ribs as concentrated live and dead loads, 
Columns are placed at Pte. 3, 6, 9, 9', 6' and 3' and comp-
utations are made as follows as if the arch here designed was carrying 
concentrated column loads instead of uniform loads in order to show how 
.37- 
this is done, 
The columns are 20 ft * apart, and the column to the left of 
Pt. 3 and to the right of Pt. 3/ will be off of the arch rib and on the 
abutments, 
The floor is taken as a slab 18 feet Itde and 7i inches thick, 
carried on floorbeams 10 feet apart and 18" x 18" in size below the floor. 
These are framed into girders over the columns, these girders being 36" 
wide x 36" deep. The columns are 12 inches square. 
Live Load on Any Column : 20 x 18 x 125 x a a 22,500 lbs. 
Dead Lead on Columns = 80,848 lbs. 
Method of Slimmivr Cols* 78 and 82.  
All the dead load moments are added algebraically, and the cor-
responding N s are added also. To this moment sum add the plus concent-
rated live load and temperature moments to produce maximum positive mo-
ment• To the N sum add the corresponding Na; to produce the thrust that 
goes with this moment the Na corresponding to the positive concentrated 
live load and temperature moments were added to the N sum* 
To this same mement sum the minus concentrated live load and 
temperature bements are added algebraically to obtain the maximum negar 
tine moment. To this same sum the corresponding Values of concentrated 
live load and temperature Ns are added to produce the thrust that goes 
with the minus moment* 
Col• 83 As soon as M and N are known for a point the stress at this 
point can be computed by diagrams on the basis of the eccent-
ric rectangular column with equal steel in top and bottom * 
So = eccentricity: M/N p = A2/144h. 
-37- 
If the stresses are greater than the allowable in a filled 
spandril arch a redesign must be made, but if this occurs in an open 
spandril arch, since all the loads have been used in an arch rib 12" 
wide, the arch rib can be widened and new columns 78 and 82 are compu-
ted. Dead load and total MS and Na will not change but concentrated 
dead load and concentrated live load WS and Ns will be reduced and can 
be found by dividing the values given for a width of 1 foot by the 
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DESIGN OF TEE THREE.-HINGED STEEL ARCH BRIDGE 
The three-hinged steel arch bridge was preferred to a simply sup-
ported span, because the conditions of the site favor the structure, the 
arch shape and its proportions, beside that the conditions of the founder 
tion of the site are able to resist a heavy horizontal reaction component. 
The span of the arch is 140 feet and has a rise of 30 feet which gives a 
ratio of span over rise equal to 7. 
The arch has a parabolic lower chord which results in interest-
ing stress conditions. For a uniform load over the whole structure the 
diagonals and the top chord carry no stress and the horizontal component of 
lower chord stress is constant and equal to the horizontal component of 
reaction thrust. 
The three hinged steel arch is a statioally determinate struotn-
re. The first important principle to keep in mind in dealing with three-
hinged arches is as follows. for any single load the line of action of the 
reactions on the unloaded segment passes through the intermediate hinge, 
since otherwise there would be a moment at the hinge, which is not possib• 
le; The line of actions of the reactions on the loaded aide passes through 
the intersection of the lines of action of the load and the other reaction 
since the lines of action of three non.paralell forces acting on a rigid 
body in equilibrium meet at a point. The locus of all such load-reaction-
lines intersections is called the position line, which is often used in an 
analysis • 
The following liptioles contain the oomplete design and the detai 
of the riveted three-hinge arch, designed to carry two lanes anomaly 
*43- 
heavy traffic, The design is based *pea the Standard Specifications on 
Highway Bridges of the American Association of Highway Officials and the 
isnateen Railway Ingineering Asieidition, and the Specifications for Steel 
Itigimay''_Bridges of the American Society of Civil 44ineers. 
Nero below we give the general data *doh is required in order 
the design can be made. 
Span Canter to Center of Bearings s 140 ft: 
Number of Panels LI 9 
Width of Roadway 18 ft. 
Rise of the Arch 30 ft: 
Live Load is Class 5.16 
All rivets are 7/8 in: except they are noted otherwise. 
FLOOR SLAB 
The floor is to be 2" of bitundnous macadam= a reinforced 
concrete 71° slab, supported on longitudinal stringers. Four stringers 
will be need. The centers of the outside stringers may be placed some 
little distanoe inside of the clearance line on =count of the width of 
the flange and increased strength of the slab at its junotionmith the 
curb. The distance center to center of the outside stringers is 13ft: Sins 
The concrete slab is continuous over the stringers. Fig. A shows the pos-
ition of the stringers and floor beans with their respective distances. 

STRINGER DESIGN  
Computation's 
Span of Stringers Center to Center of Floor Beam: 17.5 ft. 
Dead Load on the Ind Stringers 
4.5 z 120 s 640 lbs./ft• 
Assume Weight of Stringer a 60 lbs. 
Total Dead Load 
540 1'50 z sso 
Nazism Concentrated Liu. Load at Center of Span of Each Interior 
Stringer = 12,000 lbt. 
Coefficient of Impact 
501 71 125) a .350 
Moment 
Dead Load Moment 
1/8 z 500 z (17.6) 2 z 12 
Live Load Moment 
x 12,000 z 17.6 z 12 
Impact Moment 
.350 z 630,000 
g 270,000 "lbs. 
• 630,000 "lbs. 
g 220,000 "lbs. 
   
Total Maximum Moment 	 2 1,120,000 "lb.. 
Section Modulus Required 
S= Os 2 1,120,000 70 in.3 
 16,000 
Try 16" widellange I team 
Weights 44 lbSiikti 
motion Modulo* s 72.4 
b 7,039 
1 : 17.6 
1/b 17.6 x 12 s 29.9 
fs a 13,860 
8.2 1 120 000 81 10 
• 
Try 18" Wide flanged I UM 
Weight 47 lbs./ft. 
Section Modulus 82.3 10 
b n 7.492 
1 17,6 
1/b L  17 5 x 12 28.0 
;.492 
f s 14,300 
2 1,1200000 - 78 12:43 ( logs than 82.3 ) All right.. 
14, 3T - 
Use 18" x 47 lbs,/ft, I Beam. 
FLOOR BEAM DESIGN  
Computations: 
Dead Load from the Stringers 
590 x 17.5 g 10,350 lbs. 
Moment 
Dead Load Banding Moment Due to these Concentrations 
( 20,700 x 6.75 - 10,360 x 4.5) 12 g 1,120,000 "lbe. 
Assume Weight of Floor Beam: 100 lbs.l rft. 
Dead Load Bending Moment Due to this 'Weight 
1/8 x 100 x (18) 2 x 12 g 48,500 "lbs. 
Total Dead Load Moment 
1,120,000 /48,500 = 1,168,500 "lbs. 
The minim live load moment occurs when the loads are placed as 
indicated in Figs C. The actual live load stringer reactions 
with the loads as placed are as follows: 
Interior Stringer Load 
( 12,000 /3000 x 3.5) g 12,600 lbs. 
17.5 
Outside Stringer Load 
( 12,000 /3000 x 3,5) g 12,600 lbs. 
17.5 
The position of the live loads are shown in Fig. D. 
Live Load Moment 
(25,200 x 6.75 - 12,600 x 4.5) 12 g 1,360,000 "lbs 
Impact Moment 
( 	50 	g 540,000 "lbs. 
38/125 
Total Moment 
1,168,500 1,360,000 540,000 s 3,068„500 "lbe, 
Shear of Lire Load 
Shear of Impact 










Booties Modulus Required 
3,068.500 ut 192 is. 3 
 16,000 
Try 24" Wide Flanged I Beam 
Weight 87 lbs./rt. 
Section Modulus 204,3 
A • 25.58 in.2 
b 9.025 
1 18 
1/b 18 z 12 24 
9.025 
S L  3,068 500  : 198 ( less than 204.3 ) ill right, 
15,530 
Use 24" z 871be,ift, I Beam, 
fq F, Fh fy 
fg 
us 
Note : Lot' c/S 	& r, = 21,5/0 *. 
tors .32,260 -# 
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DEAD LOAD OF TRUSS  
The dead load weight of the trusses and bracing. may be approxim• 
ated by the equations of Urquhqrt and O'Rourke, namely: 
x 21 / 1(w-k;3.000)  
where w a weight per foot of trusses and bracing. 
1 a length of the span, 
Total floor load (dead, live, or impact) 	potmds 
per foot of span. 
Computations  
Deed Load of Floor system of * of the Bridge 
Dead Load of Slab 43: Stringer 
Dead. Load of Floor Beam 
a 20,700 lbs. 
810 lbs. 
Total Dead Load 
Live Load 
Impact 
a 21 510 lbs. 
• 25,000 lbs. 
g 8,100 lbs. 
  
Total Dead load / Live Load Impact 	 e 54,610 lbs. 
Weight of Truss / Braoings per ft. of Truss 
w u 2(140) / 140 (6060 - 1000) a 634 lbs eifb. 
2000 
Dead Load at Lower Panel Points 
634 x 17 It 10,750 lbs. 
Dead ,Load at Upper Panel Points : 21,510 lbs. 
The dead load of the 'Stresses of the members of the truss are 
found graphioally by the use of the Maxwell diagram as shown in the draw.. 
ing Number I. Theresults obtained are listed below in order. 
U1L1 a • 21,510 lbs. ig • 189,000 lbs. 
U2L2 g • 32,200 lbs. 11214 Z • 172,000 lbs. 
D3L3 . 32,200 lbs. L3Lit 169,000 lbs. 
u4L4 a - 32,200 lbs. 
	
1844 
	- 152,200 lbs. 
141,5 	• 32,200 lbs. 
LIVE LOAD stitim  
The live load stresses are most oonveniently determined by means 
the influence lines, as these show in what manner the load has to be 
placed in order to produce maximum stresses. For the determination of the 
stresses the following influence lines have been drawn, 
Influence Lines for Truss Mothers.  
The stress in any member of the arch truss due to a certain, 
loading, the arch being considered as a single span, and the stress being_ 
caused by the sole action of the horizontal reaction H. The influence 
area for that member is therefore, the geometric sum of the influence 
area for simple span and the influence area due to H. The influence area 
due to H is a triangle with apex C, since the stress caused in the member 
by H varies in linear proportion with H. 
In finding the stress in member LiL 2 for instance, triangle ABC 
represents the positive influence area for L1L2, the truss being oonsid. 
ered a single span AC and a triangle ABte which is the negative influence 
area due to H. The resulting influence area is shown as negative in tri-
angle KBte and as positive in triangle ABE. A load P equal to 1 (one) at 
Bs causes a horizontal reaction of Ha abilf and the ordinate at Bt of the 
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The influence area ABC is found as for simple spans except that 
the ordinate At' is not made equal to the load unity, but equal to the 
stress caused in the member L 1L2 by an upward load unity at A, the truss 
being assumed fixed at C, since the ordinates of triangle AB'C also re. 
present the correct or unreduced stress due to H, in other words, the in-
fluence ordinates are shown to the correct size and used not be multiplied 
by an influence coefficient. In a similar way, ,the influence area for the 
verticals and diagonals have been used As a rule the following method has 
been use& 1- Determinetion of stresses S t in all members due to a horiz-
ontal force H = ab/lf. This is most conveniently done by a maxwell diagram 
Number 2, Those stresses give the heights of the triangles AB'C. 
2- Determination of stresses S a and So in all members due to a 
vertical upward floroe V a = 1 at A4 the truss being assumed fixed at C. 
This is best done by another Maxwell diagram Number 3 starting the resolu-
tion of stresses at A and ending at C. These stresses are the ordinates 
AA' ano CC' locating lines CA' and AC', in other words, locating the point 
B of triangle ABC. Any convenient scale may be used for plotting influence 
lines, The vertical of the following influence lines is taken as 1" = 2 lb, 
and the horizontal scale as 1" = 20 •  
To determine the concentration or the value of the stress due to 
a concentrated load, it is neccessary only to multiply the load in pounds 
by the value of the ordinate in pounds over which the load is placed, For 
a uniform load per foot of truss the stress in the member can be determine 
ed by summing up the valUes found after multiplying the ordinates for each 
foot across the bridge by the load per foot. Fortunately however, the same 
result is obtained by multiplying the area of the diagram by the load per 
foot of truss. 
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Stresses Due To Lateral Loads  
Consider the three-hinged spandrel-braced arch in fig, D under 
the action of the wind loading shown, The upper chord is under the action 
of wind load of 500 rbs, per linear toot applied one-half on each side, 
When the hinge is placed in the plane of the lower chord at the crown, the 
upper lateral system cannot be made continuous from end to and of the 
structure, but must be interrupted at the crown to permit freedom of the 
hinge movement, 
The upper lateral system therefore, can only transmit wind 
forces to the abutment hinge by virtue of its stiffness as a cantilever. 
By far the greater portion of these forces, however, is transmitted verti-
cally at each panel point to the lower lateral system by virtue of the 
cross frames or vertical sway bracing at such panel points, The upper 
lateral forces W, transmitted to the lower system through the panel point 
crossframes, exert an overturning moment at the rib. 
The lower lateral system may next be designed, assuming it to 
carry a wind load of 150 lbs, per linear foot on eaoh side, Before the 
nalysis is made, it is ofoourse, necoessary to develop the lower lateral 
system into a plane, as shown. in Fig, D o after which it may be treated as 
a simple truss span whose panel length are the actual developed lengths of 
the inclined chord members. 
The main truss may next be analyzed for the vertical wind comp-
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UPPER LATERAL  SYZTEM 
CROSS FRAME. 
Computations For Wind Stresses  
On upper ohord use 500 lbsil linear foot applied from each 
side. 
On lower chord use 150 lbs./linear foot on each side. 
/W.= 500 x 17.5 = 8,750 lbs. 
17.5 = .973 
18 
25.1 • 1.395 
S (U3 - U) 	1.395 x 4,370 	5,930 	lbs. Wind 
• (U2 U*3) .1 1.395 x 13,125# = 18,300 lbs, Wind 
S (M. - 13*2) = 1,395 x 21,870 	30,400 	lbs. Wind 
8 (U0 - U t1) = 1.395 x 30,620 = 42,600 lbs. Wind 
S (Ut3 Ut4) r. • 5,930 lbs. 
S (U'2 - U 1 3) = 23,730 lbs, 
S (Ut 1 Ut2) = 53,330 lbs. 
S (1:10 , - 	 93,830 lbs. 
Vto = -30,624# x 39.4/16 = 75,400 lbs., 
SUtolito = / 30,624 x 35/16 67,000 lbs.  
Bottom Braving 
: Wf1 = 150 (10.9 9.8) = 3,100 lbs. 
Tr2 Wt2 r. 150 (9.8 9.2) 	2,810 lbs. 
W3 = Wt3 = 150 (9.2 / 8.8) = 2,700 lbs. 
W4 s  W*4 tr. 150 (17.6) 	7: 2,640 lbs. 
11 290 lbs. 
R = 11,290 x 2 22,580 lbs. 
Blatola : 22,580 x 28.2/18 = 35,300 lbs. 
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Lower Jig/tort:Ws _ 4md Eiev. 
Arrows indica& direction why D 
.dotted arrows indicak tendency of truss to rohile 
about each llama I palm r 
8L.21,3 r 10,6S0 x 25.8/18 2 15,300 lbs. 
8L,31,4 	5,280 x 25.2/18 2 7,400 lbs. 
LtaLa 2 -22,580 lbs. 
Wits 2 -19,480 lbs. 
Wee 2 -13,530 lbs. 
Lt3L3 = - 7980 lbs. 
Lt4L4222 - 2,640 lbs4i 
82 35,300 x 22.2 -26,600 lbs. (L*0 TO7C 
L,12) 2 24,150 x32.94 / 26,600 : -44,400 lbs. 
8 (L'2 /00: 16,300 x 18,5 	44,400 2 -55,400 lbs. 
25,8 
8 (6t3 - L'4)* 7400 x 17.6 	55,400 2 -60,560 lbs. 
InLls 	0 
	
L213 x /44,400 lbs. 
LiL2 2 /26,600 lbs. 	 L3L4 = 55,400 lbs. 
Overturning Loads 
Winds 	per panel points. 
P1 2 8,750 x 22/18 2:10,700 lbs. 
P2 = 8,750 x 13/18: 6,420 lbs. 
P3.1 8  750 x 7/18 : 6,140 lbs. 
P4 s  8,750 x 	2 4,380 lbs. 
Overturning Loads ( Stress in Diagonals ) 
P4.5 280 x 2 a 587 lbs. 







F3' 	5o r 
6,6/ 7 -9F 
,SCHOOL OF TECHNOL OC 
_STRESS 27MG FOR 
VERTICAL WIND LOADS 
ON ARCH RING 
rill/3 /939 	PAVL 1,01 5 
Seale 5 For Mass 	/0,00, 
lirarirhyy Arg 4 
F2 s 16,380 x 9/18 3, 8,190 lbs. 
Pl x 22,580 x 13/18 r„ 16.300 lbs. 
Total Vertioal Wind in Loads 
16,300 ( 10,700 / 1,650 1: 26,850 lbs. 
P2 z 8,190 / 6,420 / 1,650 16 250 lbs. 
z 3,500 / 6,140 1,650 : 11,350 lbs. 
P4 :: 587 / 4,380 / 1,650 6,617 lbs. 
Vertioal Foroe Due to Load 6 ft. above Floor 
Assume 8.5 ft. dour to C.L. Top Chord 
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=OEM DEIGN OF THE STEEL ARCH 
After finding the neocessary stresses for the arch aotion, the 
question of designing the members of the arch arises. Tables of stresses 
for various members have been made up and presented together in tables I. 
II and /II. 
In selecting the members care was taken to fix the dimensions in 
such a way that good joints could be made between the chord members and the 
web system. Sample computations have been reproduoed below to show the manner 
in 'which the tables were built. 
Design of 1/4E2 ( Example  ) 
Total Design. Stress * 429 445 lbs. compression 
Length of the Member .721.8 ft. 
Assume fa 15,000 iboVeq.in. - 
Gross Area of Steel Required 
429;445/15.000- ..4.4 28.7 sq.in. 
Use Two le x x 5149 lbs.' Channels ( Ag a 30.36 sqiin. 
Distanoe Back to Back • 11 in. 
Inertias on the two Axis 
x 622.1 x 2 * 1244,2 int 	Tables in code book of A.S. 
cot.) 
In w 1(2) / (4.63) 2 (30.36) = 687 int 
Radius of Giration 
r-- 	- 
r = q687/30.36 1 4,67 in. 
lji - 21.8 x 12 = 55.8 ( less than 60. fs a 15;000 is O.K.) 
4.67 
All the members in compression are computed in the same manner as 
this example. 
Design of Member U L ( Example ) 
Design Stress 214,316 lbs. tension 
ft = Assume 18;00° lbs,/eqiie, 
Net Area of Member 
214,316/18,000 = 11.9 sq.in. 
7/8 Rivets are used throughout the 'hole design. 
Use Tye 10" x 2 5/8" x 30 lbs. Channels. (A: 17.60 sq.in. ). 
Area Required 
11.9 / 6 x 1' x •673 LT 15.95 sq, in, 	( 0, 	) 
The rest of the tension members are computed in like manner, 
*********** 
PART III 
COST ESTIMA-TE AND ECONOMIC COMPARISON 
OF THE TWO BRIDGES 
COST ESTIMATES OF THE TWO BRIDGES 
THE REIEFOECED*CONCRETE ARCH BRIDGE 
of concrete. Railing 28,50 cubic yards 
Slab & 58,70 • 
Beams & 23440 • 
Girders 93.50 • 
Columns & 3,50 • 
Arch Rib 111 AO • 
Total Cubic Yards of Concrete : 318.60 
Paving 
	
1.4 of Bituminous Material 




318.60 ou4yde, of Concrete - Class A 
95,000 lbs. of Reinforced Steel 
let ouoyds. of Paving 
Sub Total 










THE STEEL ARCH BRIDGE  
Raiz Members of Arch 
Top and Bottom Laterals 





40% for Details 
Railing and Stringers 






Total Steel 	 167 182 lbs. 
Cubic Yards of Slab 	 55 
COST 
167,182 lbs. of Structural Steel 	C $07 	$11 MAO 
55 cu.yds. of Concrete 	 $.35 	1,928.00 
Sub Total 	 13,627.80 
Engineering and Sundry Expenses 10% 	 1'367.7) 
TOTAL COST OF STEEL ARCH BRIDGE 	 $14,990.50 
ECONOMIC COMPARISON 
After the preliminary estimates of quantities and first costs 
have been determined for the competing types of bridges, the next step is 
to find out which type is the mere economical to build. A lowest first 
cast does not neooessarily mean the most economical. The service that the 
bridge ought to give in a certain length of time, is an important factor 
entering in the study of selecting the bridge. 
In addition to the first cost of the bridge there are other items 
entering into the economic equation, such as maintananoe, interest on first 
cost, operating cost, insurance and depreoiatiov4 Thus the true cost of the 
bridge is represented by the total average annual cost over a period of 
years equal to the length of life of the_struoture. The cost of maintanace 
should be determined from actual cost room/cis for similar structures The 
maintanauoe costs include items that are common to all types of bridges. 
Maintananoe cost for steel bridges include repainting all steel 
parts, repairing accessory joints and other small items. Meintananoe costs 
common to conorete bridges are mostly concentrated in the repairing of 
damage done due to wheel guards and handrails. The total cost of mainten-
ance in concrete structures is somewhat lower than any other typei Rowever, 
if concrete construction is not carefully supervised, deteriortion may soon 
set in and increase the maintenance costs a great deal. 
Interest on the first cost of a structure represents an annual 
expense, which probably amounts to more than the cost for maintenance un-
less the structure is built of timber. 
Operating costs for bridges may be divided into tun parts: those 
resulting it eaa enpenee to the state and those (musing en expense to the 
public who use thehridge stare; Both classes should be considered 
in economic analysis, 
Insurance costs are only requited in case of timber construction 
on aocount of fire and other hazards * 
Annual depreciation is another expense which the state must meet 
when a bridge is built* This cost depends upon the soonomic length of life 
of the structure, the first cost and probably upon a rate of compound int-
erest carried upon a yearly deposit* There are tvro methods of arriving at 
the annual depreciation of a structure.:In the annuity method* the amount 
of money is computed which is necoessary to deposit st the and of each 
year at a given rate of compound interest* to amount to suffise to rebuild 
the structure at the end of its economic life. The second method of finding 
the depreciation is to neglect any amount of compound interest which may 
be earned on yearly deposits and divide the first cost on the author of 
years of economic life of the structure* 
The formula which gives the total average annual cost of bridges 
is as follows 
Annual Cost C ( pyb ,rm/b 71 I /0/0 / Jib) 	0. VOA 
where 	Er n Economical length of life of structure. 
D - Average annual deprediation. 
M Average annual cost of naintenanoe * 
I - Average interest on first cost expressed in peroentage* 
 0 Average annual operating cost. 
i Average insurance cost. 
0 Total cost of structure* 
W = C - salvage value* 
A oonorete bridge does not have a Salvage value exoept in oases 
where the old bridge may be broken up and used as rip rap to protect a 
new structure; even then, its value is so small that DA allowance is made 
• 
for it in an emnsomic oomparisor4 A steel bridge however, may be torn down 
and parts of it may be used again in smaller structures, The remainder of t 
thb steel maybe sold as scrap. The salvage value of the steeltruss, de-
pends upon its location. 
Aestetios is an item which is always considered, either oonsei. 
ously or unconsciously, in the design of any bridge, The amount of the acts. 
thetio value depends upon the distanoe from a center of population, the 
land-soape in the 'vicinity of the bridge, the architectural treatment and the 
chance which passing people will have in getting an unabstraoted view of 
the structure. 
In the selection of the bridge over Sakarya river, considering 
all the items mensioned above, it is a great advantage to the builder in 
selecting the steel bridge. The location of the bridge is not in any im-
portant center and besides the profits made over the concrete bridge by 
using the former is 4,000 dollars. 
110***************** 
